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Abstract 
This study aims to describe the response of a Hydrogen solid storage cylindrical tank, which is filled by a metal 
hydride alloy (FeTi-X) and subjected to several types of solicitations, such as: pressure, external temperature, and 
inlet and outlet flow. The model used in this work is classified as a macro scale model [1-2] it describes the Hydrogen 
absorption and desorption processes, and predicts the time-space profile of: local temperature, local reaction rate, local 
equilibrium pressure, local heat generated/needed, and then the homogeneous temperature, equilibrium pressure and 
reaction rate temporal profiles can be computed. In addition, the effect of cycling (absorption/desorption) on the 
reaction rate is monitored, in order to optimize the operation and get at the same time a sufficient outlet flux coupled 
with a high reaction rate.  
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Nomenclature                  value   
 ݐ  Time (ݏ݁ܿ݋݊݀)              Abs:  4000 s, Des: 160000 s   
݉௦ Hydride solid mass (݃)                  100 
ܥ݌௦ Solid Heat Capacity   (ܬȀ݇݃Ǥ ܭ)                               0.468   
ܥ݌ு Hydrogen Heat Capacity (ܬȀ݇݃Ǥ ܭ)                               14.3  
௜ܶ௡ Hydrogen inlet temperature (ܭ)                                                                             290 
௔ܶ௧  Room temperature (ܭ)                                                                                            296 
௪ܶ Convective fluid temperature (ܭ)                                                                           296 
ߣ Metal hydride thermal conductivity (ܹȀ݉ଶܭ)                                                      1.49      [3] 
οܪ௔ Enthalpy of formation during absorption (݇ܬȀ݉݋݈)                                               -30.5      [4-6] 
οܵ௔ Entropy of formation during absorption (ܬȀ݉݋݈)                                                   -100.32 [4-6] 
οܪௗ Enthalpy of formation during absorption (݇ܬȀ݉݋݈)                                                27.6 [4-6] 
οܵௗ Entropy of formation during desorption (ܬȀ݉݋݈)                                                   103.04 [4-6] 
ܧ௔ Activation energy during absorption (݇ܬȀ݉݋݈)                                                      23.8   [4-6] 
ܧௗ Activation energy during desorption (݇ܬȀ݉݋݈)                                                      19.87 
ܥ௔ Pre-exponential factor for absorption (ͳȀݏ)                                                            16.4 
ܥௗ  Pre-exponential factor for desorption (ͳȀݏ)                                                             2.6 
ܴ Ideal gas constant (ܬȀ݉݋݈Ǥ ܭ)                                                                                  8.314 
ܯ ெܹு Hydride molar mass (݃Ȁ݉݋݈)                                                                                 104.4 
ܯ ுܹ Hydrogen molar mass (݃Ȁ݉݋݈)                                                                               2 
݉ுమ Inside Hydrogen mass (݃)                                                                                       -- 
݉ெு Hydride mass (݃)                                                                                                     -- 
ݏܿ Stoichiometric coefficient                                                                                        1 
௔ܲ Applied pressure (݌ܽ)                                                                                              -- 
௜݂௡ Hydrogen inlet flux (݃Ȁݏ)                                                                                        -- 
௢݂௨௧ Hydrogen outlet flux (g/s)                                                                                        -- 
ܵ Energy exchange with the external medium                                                             -- 
ݎ Tank radius (݉)                                                                                                        0.04 
ܮ Tank length (݉)                                                                                                        0.08 
௚ܸ Dead volume (݉ଷ)                                                                                                     -- 
ܯ Number of iterations in the radial direction                                                              100 
ܯ Number of iterations in the time direction       Abs: 20000, Des: 450000  
1. Introduction 
Hydrogen as an energy carrier, has received special attention in the past decades. It’s the greenest fuel that can be 
used, because its combustion only produces water vapor. Besides, Hydrogen storage remains one of the main issues 
regarding the development of a hydrogen industry. 
The solid storage method, based on metal hydride, presents several advantages in front of the traditional ways of 
storing hydrogen, such as storing hydrogen at low pressure (high safety), more hydrogen quantities and low cost 
operating system. 
There exists many types of metal hydride alloys that are used to store hydrogen. One among others is the FeTi-X (X 
is a light element of the periodic table), FeTi-X is of AB type structure and have a 1.8wt. % as a storage capacity. 100g 
of fully activated powder of this alloy can hold 1.8 g of Hydrogen, which is equivalent to 22.5 liter at room temperature, 
and this will lead to the manufacturing of compact solid storage tank. Understanding the thermodynamic response of 
a cylindrical tank filled by a predefined quantity of metal hydride requires a large analysis of the heat and mass transfer 
through the hydride bed during the absorption/desorption processes.  
Two output variables help to define the efficiency of a solid storage hydrogen system: the reaction rate and the storage 
capacity. It was demonstrated by Demircan et al [7] that the hydriding reaction rate is mainly affected by the heat 
transfer. During absorption, the chemical reaction is exothermic, what involves a significant increase of temperature 
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and leads to interrupt the reaction if the heat is not evacuated. The energy generated during this stage will increase the 
local temperature and as a consequence the local equilibrium pressure until it reaches the applied pressure at a time 
(t), causing a rundown of the absorption mechanism. For the desorption stage, the same kind of conclusion is to be 
established except at this time the reaction is endothermic.  
The thermodynamic model [2] used in the present paper is based on the continuity equation that allows to define the 
variation of the system energy according to time and space, the Hydrogen mass conservation, the description of the 
reaction kinetics, the Van’t Hoff law, and some other auxiliary equations. 
The tank is here supposed to have a cylindrical geometry. In order to apply the finite difference method, the domain 
is discretized in space according the radial direction, and the solution is obtained step by step in time. Figure 1  
Once solved, the model allows to predict many absorption/desorption output variables such as the local temperature, 
local reaction rate, local equilibrium pressure, and inlet and outlet flux, inside hydrogen mass, inside metal hydride 
mass, storage capacity and so on. 
By developing such a tool, we aim to take into account a large amount of tank monitoring from the constant applied 
pressure, temperature or flux to more complex environmental conditions. This should contribute to establish general 
rules that engineers could use to optimize the tank revs according to the hydrogen consumption, i.e. the complete 
system, including the fuel cell. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Mathematical Model 
As shown also in Figure 1, the cylindrical tank is filled by a fully activated FeTi-X powder, which is ready to perform 
an absorption or desorption reaction. The inlet or the outlet flux follows up the kind of excitations imposed to the tank.  
Based on the following rigorous assumptions, the model is built and developed:  
1-Inside Hydrogen pressure is uniformly distributed along the hydride surface 
2-Ideal gas law is applied for the pas phase 
3-Physiscal hydride properties are independent of temperature and pressure 
4-heat transfer through the hydride bed is only conductive and convective 
5- The FeTi-X powder is considered as continuous and isotropic medium 
6- Hydrogen velocity inside the reactor is equal to zero. 
 This mathematical model consists of:  
1-Continuity equation 
Tank width (e) 
Convection 
Convection 
Isotherm lines (Ri & Ri+1) 
V FeTi –X 
Hydride 
Powder 
Dead volume 
Inlet & outlet flux 
Figure 1-Schematic representation of the tank discretized in radial direction space () 
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2-Hydrogen mass balance 
3-Hydride mass balance  
4-Reactions kinetics 
5-Van’t Hoff law 
6-Ideal gas law 
7-Hydrogenation capacity in weight percent 
 
2.1 Model equations: 
 
Table 1: model equations 
 
 
Continuity equation ሺ࢓࢙࡯࢖࢙ ൅࢓ࡴ૛࡯࢖ࡴሻ
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Energies exchange term 
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Hydrogen mass balance 
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Homogeneous reaction rate ࡾࢎכሺ࢚ሻ ൌ ඩ
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Hydride mass balance: 
 
ࢊ࢓ࡹࡴሺ࢚ሻ
ࢊ࢚
ൌ ࡾࢎכ ሺ࢘ǡ ࢚ሻ࢓࢙ 
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࡭ሺ࢘ǡ ࢚ሻ Represents the energy evacuated or supplied, to the hydride bed through the external convective flux. 
࡮ሺ࢘ǡ ࢚ሻ Represents the energy generated or needed by system, because of the exothermic/endothermic behaviour of 
the hydrogenation reaction. 
࡯ሺ࢘ǡ ࢚ሻ Represents the energy brought into or out to the system because of the inlet and outlet hydrogen flux. 
3. Algorithm resolving the model : 
 
Reaction kinetics 
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Van’t Hoff law 
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Figure 2: General Algorithm for resolving the model 
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I, C: Initial conditions 
࢚࢙࢓: The maximum time of simulation 
(*): Average value for: the applied pressure, the inside Hydrogen mass, the inside hydride mass, the 
homogeneous temperature response, the homogenous reaction rate, the homogenous equilibrium pressure, and 
the inlet or outlet hydrogen flux.  
4. Applied scenarios:  
Various types of solicitations can be applied to the tank, among them the constant pressure scenario, and it consists of 
a constant applied pressure to the tank during the reaction. The following results are for 100 g of metal forming hydride 
(FeTi-X), and for a tank of 8 cm in high and 4 cm in radius.  
 
For this first scenario, the values of the applied pressures are: 5, 9, 13, 17 and 20 bar as absorption pressure. Figure 3 
presents a comparison between reaction rates. Figure 4 present a comparison hydrogen storage capacity for each 
applied pressure.  
 
 
 
Figure 3: Hydrogen storage capacity comparison for different applied pressures 
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Figure 4: Absorption reaction rate comparison for different applied pressures 
 
 
Figure 5: Desorption reaction rate comparison for different applied pressures 
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Figure 6: Hydrogen storage capacity (right) comparison for various pressure 
 
For the desorption process, the applied pressure are: 0.001, 5x10-3, 0.01, 0.05 and 0.1 bar. Figure 5 presents a 
comparison between reaction rates, and hydrogen storage capacity for each applied pressure. 
As shown in Figure 6, the applied desorption pressures appear to not affect the reaction rate. All the applied desorption 
pressure have approximately the same response reaction rate. It can be seen when the pressure goes from 0.1 to 0.001 
bar, the dehydriding reaction still the same, with no change in the magnitude or in the needed time to achieve the 
reaction.    
 
In order to be closer from the real case, another scenario can be proposed: hydrogen pressures are applied as a stairs 
function.  
The mathematical form of the sub mentioned pressure profile is presented as follow: The pressure goes from the 
value ௦ܲ to a value ௦ܲାଵ, during a timeοݐ, with a ramp  ܴ௡ ൌ
௉ೞశభି௉ೞ
ο௧೙
 . 
Figure 7 presents the profile of the ramp pressure between two consecutives pressure ௦ܲ and ௦ܲାଵ. 
 
 
 
    
 
 
 
 
 
      
 
 
    Figure 7: pressure ramp profile 
 
 
ܴ௡
ௌܲାଵ 
ௌܲ 
οݐ௡ 
ܲሺݐሻ 
ݐ 
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The applied pressure profile to the tank, is presented in Figure 8, and the hydrogen storage capacity as function of 
time, Figure 9: 
 
 
Figure 8: Absorption ramp profile pressure 
 
 
Figure 9: Hydrogen storage capacity for an applied ramp pressure 
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As represented in Figure 6, the current scenario seems to not affect the reaction kinetics as expected, a small 
comparison with the constant profile reveals that, the hydrogen storage capacity evolution according to time is 
approximately the same when applying a 9 bar constant pressure or ramp pressure profile. This scenario is not 
performed while the desorption stage, because varying with a decade scale the hydrogen desorption pressure has a 
negligible effect on the reaction kinetics as presented in figure 4. Counter wise in desorption case, the applied pressure 
does not affect the reaction rate. In addition, it was also demonstrated that applying a ramp of pressure also has no 
effects on the reaction kinetics or the hydrogenation storage capacity, from here the need to another steering scenario 
to control the tank and the hydride reaction which called the flow control. It consists of a constant hydrogen flux that 
feeds the powder, consequently in time. This scenario has to be a temperature controller, i.e. the homogenous 
temperature tank will vary with a small range during absorption mechanism.       
Inlet Hydrogen flux values used in the simulation are the following: ͲǤʹ ൈ ͳͲିଷǡ ͲǤ͸ ൈ ͳͲିଷǡ ͲǤʹ ൈ ͳͲିଶǡ ͲǤ͸ ൈ
ͳͲିଶǡ ͲǤʹ ൈ ͳͲିଵ (g/s) 
Figure 10, presents a comparison between hydriding reaction rates and Figure 11 presents the homogenous 
temperature profiles associated to each case.  
 
Figure 10: Comparison in absorption reaction rate for each applied inlet flux 
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Figure 11: Comparison in temperature profile for each applied inlet flux 
 
It can be seen clearly that the third applied ensure a compromise between a good reaction rate, and a good temperature 
control, the maximum reaction rate attended is ͳͲିଷ݃ሺ݄݉Ȁ݃Ǥ ݏሻ within 150 seconds, this rise is associated with a 
tough increase in temperature from 296 to a maximum 305 K during the reaction.  
 
The steering of the hydrogen tank by an inlet hydrogen flux (order ofͳͲିଷ g/s) showed an important behaviour of 
the system, such as ensuring a sufficient reaction rate (ͳͲିଷ݃ሺ݄݉ሻȀ݃Ǥ ݏ) and also a temperature control, this scenario 
allows to a fast absorption kinetics with a smooth temperature increase.  
To increase more absorption reaction kinetics the inlet flux scenario can be applied with a higher inlet flux value to a 
composite powder which contains several conducting materials in order to help controlling temperature and heat 
evacuation and consequently increasing the reaction rate.   
5. Conclusion  
In this study, a thermodynamically model for a hydrogen cylindrical tank is proposed, the aims to describe the response 
of the system, when it is subjected to several hydrogen scenarios. 
The first applied scenario was applying a constant hydrogen pressure for absorption and desorption, in case of 
absorption, the comparison between several sets of applied pressures showed an increase in the reaction kinetics and 
a reduction in the needed time to reach the maximum hydrogen storage capacity, but in case of desorption, the variation 
of the applied pressures did not shows any remarkable change in reaction kinetics, desorption pressure has a negligible 
effect on kinetics.  Another scenario for applying pressure is the ramp pressure, for absorption case, this scenario did 
not showed any significant change in kinetics. Finally a steering in hydrogen inlet flux, presented a good agreement 
between a sufficient reaction kinetics and temperature rising, this scenario must be applied to a composite powder 
with a high conducting materials, in order to ensure a best reaction rate and temperature controlling. 
As perspective, same studies need to be done, but with different geometrical tank parameters and different powder 
mass, to find the most suitable operating conditions of the hydride reaction in a cylindrical tank. 
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